ABSTRACT This study was conducted to evaluate the growth inhibition of weeds and selectivity of crop species by hairy vetch residues. The growth of all the weed species was suppressed greater than 90% at the ratio 60：40 of hairy vetch residues and no weeds were emerged at 90：10 mixture in the greenhouse. It was noticed that broadleaf weed species were more suppressed compared to grass weed species. Growth of weeds was significantly reduced and the inhibition percent was increased with increasing application depths of hairy vetch mixture both in vinylhouse and in field conditions. Among the different application depths of hairy vetch mixture, 0.75 cm depth of application tended to inhibit more, but statistically no significant difference was observed between 0.5 cm and 0.75 cm application depth. The growth of weed species such as Galium spurium, Chenopodium album, Plantago asiatica, and Rumex japonicus was greatly suppressed in the vinylhouse and the growth of G. spurium, R. japonicus and Amaranthus retroflexus was suppressed significantly in the field condition. The growth inhibition of all the above mentioned sensitive weed species was approximately 80% at the application depth of 0.5 cm. Crop growth was not hampered by using the residues of hairy vetch. This study demonstrated that rotation crop residues of hairy vetch contained high allelopathic potential to different weed species without hampering the growth of crop species.
INTRODUCTION
Growth inhibition or stimulation resulting from the release of secondary plant compounds is termed allelopathy (Molisch 1937) . Allelopathy also includes plant derived compounds that possess allelopathic properties after microbial transformation. Weed suppression has been in some cases attributed to physical interference (Teasdale 1996; Samarajeewa et al. 2006) and in others to chemical competition (Singh et al. 2003; Weston and Duke 2003) .
Crop residues are defined as crop or its parts left in field for decomposition after it has been thrashed or harvested (Kumar and Goh 2000) . Earlier these were regarded merely as waste, but now because of their usefulness they are considered an important resource that can bring significant physical, chemical, and biological changes in the agricultural soil after amendment. In the conservation tillage system, the retention of crop residues improves soil, increases water filtration, reduces labor, and suppresses weeds under some situations by bringing a shift in weed flora or directly suppressing them (Jones et al. 1999; Kumar and Goh 2000) . The presence of crop residues on the soil surface as mulch suppresses weeds through allelopathy and thus reduces a greater reliance on herbicides (Batish et al. 2001) .
Some residues are also known to enhance the efficiency of herbicides (Teasdale et al. 1991);  however, much depends on crop residues, its placement, environmental conditions, and cropping patterns.
Hairy vetch (Vicia villosa Roth) is a winter annual cover crop in no-till cropping system (Hoffman et al. 1993) . Among the crop residues, hairy vetch is known as a benefit crop, as it provides a number of advantages in agro-ecosystems. These are nitrogen fixation, the quick addition of biomass, prevention of soil erosion, promotion of soil porosity, amelioration of the microclimate and, above all, weed suppression owing to its allelopathic effect (Fujii 2001 ) and its competition for environmental resources (Teasdale and Daughtry 1993) . The use of hairy vetch as a cover crop in subtropical regions in order to suppress weeds, reduce soil erosion, and increase organic matter to improve the level of soil fertility has been proposed in order to enhance the sustainability of agricultural practices (Zougmore et al. 2006; Anugroho et al. 2009a) . Anugroho et al. (2009b) reported that the weed biomass was suppressed by living hairy vetch by 62.8% during the spring fallow period. The weed biomass was suppressed by living hairy vetch by 62.8% during the spring fallow period. The effect of hairy vetch incorporation on increases in the grain yield of corn and P availability in soils has been documented (Astier et al. 2006; Zougmore et al. 2006) .
Currently, there is interest in legumes species especially hairy vetch for its easily decomposable potential to use as cover crop or rotational crop or use as crop residues to suppress weed growth.
Information regarding crop resides of hairy vetch used for the suppression of weed growth is very limited yet. This study intends to examine the growth inhibition of weeds and crop selectivity to hairy vetch residues applied in different conditions.
MATERIALS AND METHODS

Plant materials
Fresh hairy vetch was collected from Rural Development Administartion (RDA), Korea. Different weed species used in this study was collected from the Experimental Farm of Chungnam National University. Crop seeds used in this study was purchased from market.
Preparations of plant material
After collection, the hairy vetch was dried under shade in a vinylhouse, Chungnam National University. Then residues were cut as small as possible and then used a disc type mill (Laboratory Mill 3600, Korea) to grind the samples. 
RESULTS
Weed control effect of different mixture of hairy vetch residue
Hairy vetch crop resides significantly reduced the growth of all weed species applied in different ratio ( Table 4 . Effect of different mixture of hairy vetch residues on dry weight of crops.
weed species was also higher than grasses in vinylhouse condition. The growth inhibition was 67.2% and 65% for the species of Echinochloa crus-galli and Digitaria sanguinalis, respectively at 0.5 cm application of hairy vetch. Table 6 . Effect of hairy vetch mixture using different application depths on dry weight of crops in field condition.
Effect of hairy vetch residue on crop injury
A different scenario was found in case of hairy vetch residues effect on crop species. The growth of crop species did not hamper by the mixture of hairy vetch crop residues. Corn was affected less at the highest level of hairy vetch mixture (90：10) ( Table 4) . Lettuce showed a little growth inhibition using hairy vetch mixture at 0.75 cm application depth in the vinylhouse (Table 5) . Radish was slightly affected applied hairy vetch mixture at 0.75 cm depth in the field condition (Table 6 ).
DISCUSSION
Plant residue may play a role in affecting weed growth by reducing light and modifying soil temperature. However, in cases where residue was of a similar physical consistency, differences in weed dry matter production are more likely to be attributed to allelopathic activity. In this study we found inhibitory effect of hairy vetch residues on different weeds in different growth conditions.
Recently one study was done using methanol and ethanol extraction of hairy vetch and found inhibitory effect on different weeds (Hill et al. 2007) . It seems hairy vetch crop residues have allelochemicals and thus help to reduce weed growth. Cyanamide was identified as a major plant growth inhibitor in the leaves and stems of hairy vetch (Kamo et al. 2003) , accounting for the major proportion of the crude extract's inhibitory effect on the elongation of lettuce hypocotyl. Other less-contributing phytotoxic compounds in the crude extract could also contribute to the total inhibitory activity on elongation of lettuce radicle. Kamo et al. (2003) reported that cyanamide is a possible major allelochemical in hairy vetch and they mentioned that to demonstrate a significant role of allelopathy in the weed suppression by hairy vetch, it would be necessary to demonstrate that a sufficient concentration of cyanamide is present in the soil to inhibit the growth of other plants (Gershenzon 1998) . Weed species exhibited greater phytotoxic responses to hairy vetch than to crimson clover in the debris and extract studies (White et al. 1989) . Weed growth was reduced using winter cereals and their cover crop mulch (Dhima et al. 2006) . The annual medic residues reduced the density and dry weight of summer annual weeds (Fisk et al. 2001) . The emergence, root and shoot growth, and root dry weight of the bioassay species were reduced when grown in soil mixed with the leaves of L. radiate (Iqbal et al. 2006) . Aqueous extracts of the fresh leaves at various concentrations inhibited the root and shoot growth of all tested plant species.
In this study we found the inhibitory effect of 
